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(57) ABSTRACT

A semiconductor light emitting device includes an LED chip,
which includes an n-type semiconductor layer, active layer,
and p-type semiconductor layer stacked on a substrate. The
LED chip further includes an anode electrode connected to
the p-type semiconductor, and a cathode connected to the
n-type semiconductor. The anode and cathode electrodes face
a case with the LED chip mounted thereon. The case includes
abase member including front and rear surfaces, and wirings
including a front surface layer having anode and cathode pads
formed at the front surface, a rear surface layer having anode
and cathode mounting electrodes formed at the rear surface,
an anode through wiring connecting the anode pad and the
anode mounting electrode and passing through a portion of
the base member, and a cathode through wirings connecting
the cathode pad and the cathode mounting electrode and
passing through a portion of the base member.
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1
SEMICONDUCTOR LIGHT EMITTING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Continuation application is based upon and claims the
benefit of an application Ser. No. 14/105,437, filed Dec. 13,
2013, (now U.S. Pat. No. 9,035,333 issued May 19, 2015)
which is a Division of an application Ser. No. 13/289,288,
filed Nov. 4, 2011 (now U.S. Pat. No. 8,648,373, issued Feb.
11, 2014), which is based upon and claims priority from
Japanese Patent Application Nos. 2010-248494, 2010-
292644 and 2011-215534, filed on Nov. 5, 2010, Dec. 28,
2010 and Sep. 29, 2011, respectively, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a semiconductor light
emitting device.

BACKGROUND

FIG. 27 illustrates an example of a conventional semicon-
ductor light emitting device. In a semiconductor light emit-
ting device 9 ofthe same drawing, alead 92 is formed at a base
member 91. A Light Emitting Diode (LED) chip 93 is
mounted on the lead 92. The LED chip 93 includes a semi-
conductor layer 94 and a sub mount substrate 95. The semi-
conductor layer 94, for example, includes an n-type semicon-
ductor layer, a p-type semiconductor layer, and an active layer
disposed therebetween. The sub mount substrate 95 supports
the semiconductor layer 94. The sub mount substrate 95 is
formed of, for example, Si. The LED chip 93 is electrically
connected to the lead 92 by a wire 96. A sealing resin 97
covers the LED chip 93, and transmits light from the LED
chip 93.

When the LED chip 93 emits light, heat is mainly gener-
ated from the active layer. The heat is dissipated by being
transferred to the lead 92 and the base member 91. However,
the sub mount substrate 95 is interposed between the active
layer and the lead 92. The sub mount substrate 95 prevents
heat from being dissipated from the LED chip 93. Due to this
reason, there is a problem in that light emission efficiency of
the LED chip 93 is reduced.

FIG. 28 illustrates another example of a semiconductor
light emitting device (for example, see Japanese Patent Appli-
cation Laid-Open No. 2004-119743). In a semiconductor
light emitting device 900 of the same drawing, an LED chip
902 is mounted on a base member 901. The LED chip 902 is
surrounded by a reflector 905 having a frame shape. A space
surrounded by the reflector 905 is filled with a sealing resin
906. The LED chip 902, for example, includes a sub mount
substrate 903 formed of Si and a semiconductor layer 904
stacked on the sub mount substrate 903. The semiconductor
layer 904 is electrically connected to the base member 901
through the sub mount substrate 903.

Light, emitted sideways from the LED chip 902, is
reflected in an upward direction by the reflector 905. To emit
more reflected light from the semiconductor light emitting
device 900, an inner wall surface of the reflector 905 may be
greatly inclined from an angle perpendicular to the substrate
901. However, as the inner wall surface is inclined, the semi-
conductor light emitting device 900 is enlarged. Miniaturiz-
ing of the semiconductor light emitting device 900 is strongly
desired because electronic devices including the semiconduc-
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tor light emitting device 900 have space restrictions. Due to
this reason, it is difficult to simultaneously realize miniatur-
ization and high luminance of the semiconductor light emit-
ting device 900.

SUMMARY

The present disclosure provides some embodiments of a
semiconductor light emitting device which facilitates the dis-
sipation of heat from an LED chip, thus increasing light
emission efficiency.

The present disclosure also provides some embodiments of
a semiconductor light emitting device which can be minia-
turized and have high luminance.

According to one aspect of the present disclosure, a semi-
conductor light emitting device includes: a plurality of LED
chips; and a case on which the LED chips are mounted,
wherein, each of the LED chips includes: a substrate; an
n-type semiconductor layer; a p-type semiconductor layer; an
active layer disposed between the n-type semiconductor layer
and the p-type semiconductor layer; an anode electrode elec-
trically connected to the p-type semiconductor; and a cathode
electrically connected to the n-type semiconductor, the n-type
semiconductor layer, the active layer, and the p-type semi-
conductor layer being stacked on the substrate, and the anode
electrode and the cathode electrode facing the case when the
LED chip is mounted on the case, and the case includes: a
base member formed of ceramic, and including a front sur-
face and a rear surface; and wirings including: a front surface
layer including a plurality of anode pads and a plurality of
cathode pads which are formed at the front surface; a rear
surface layer including an anode mounting electrode and a
cathode mounting electrode which are formed at the rear
surface; a plurality of anode through wirings electrically con-
necting the anode pads and the anode mounting electrodes,
and passing through at least a portion of the base member in
a thickness direction of the base member; and a plurality of
cathode through wirings electrically connecting the cathode
pads and the cathode mounting electrodes, and passing
through at least a portion of the base member in the thickness
direction of the base member.

In one embodiment, the anode through wiring may include
a plurality of full thickness anode through wirings passing
through the base member from the front surface to the rear
surface.

In one embodiment, the wirings may include an interme-
diate layer disposed between the front surface and the rear
surface in the thickness direction of the base member.

In one embodiment, the cathode through wirings may
include: one or more front surface side cathode through wir-
ings passing through the base member from the front surface
to the intermediate layer; and one or more rear surface side
cathode through wirings passing through the base member
from the intermediate layer to the rear surface.

In one embodiment, the intermediate layer may include a
cathode relay wiring connected to the front surface side cath-
ode through wiring and the rear surface side cathode through
wiring.

In one embodiment, the front surface layer may include an
anode plating wiring and a cathode plating wiring from one
end of the base member to the other end of the base member,
when seen in the thickness direction of the base member.

In one embodiment, the anode through wirings may
include a plating anode through wiring connecting the anode
plating wiring and the anode mounting electrode.
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In one embodiment, the cathode through wirings may
include a plating cathode through wiring connecting the cath-
ode plating wiring and the cathode mounting electrode.

In one embodiment, one end surface of each anode through
wirings is exposed at the front surface and covered by the
anode pad.

In one embodiment, one end surface of each cathode
through wirings is exposed at the front surface and covered by
the cathode pad.

In one embodiment, the other end surface of each anode
through wirings is exposed at the rear surface and covered by
the anode mounting electrode.

In one embodiment, the other end surface of each cathode
through wirings is exposed at the rear surface and covered by
the cathode mounting electrode.

In one embodiment, the anode through wirings and the
cathode through wirings may be formed of Ag.

In one embodiment, the anode pads and the cathode pads
may be formed of Au.

In one embodiment, the anode mounting electrode and the
cathode mounting electrode may be formed of Au.

In one embodiment, the wirings may include a bypass
cathode pad and a bypass anode pad which are formed at the
front surface, the anode through wirings may include a bypass
cathode through wiring electrically connecting the bypass
cathode pad and the anode mounting electrode, and the cath-
ode through wirings may include a bypass anode through
wiring electrically connecting the bypass anode pad and the
cathode mounting electrode.

In one embodiment, a Zener diode may be electrically
connected to the bypass cathode electrode, and the semicon-
ductor light emitting device may include a wire electrically
connecting the bypass anode pad and the Zener diode.

In one embodiment, a receiving concave portion receiving
the LED chips may be formed in the case.

In one embodiment, a sealing resin covering the LED chips
may be filled into the receiving concave portion.

In one embodiment, the sealing resin may be mixed with a
phosphor material which is excited by light from the LED
chip to emit light of a wavelength different from the light from
the LED chip.

In one embodiment, the case may be approximately rect-
angular in shape when in a thickness direction of the base
member, and a corner concave portion may be formed at each
of four corners of the case, the corner concave portion having
a quarter round sectional shape when seen in the thickness
direction of the base member.

In one embodiment, the semiconductor light emitting
device may further include: a first concave portion formed in
at least one of the anode through wirings and the cathode
through wirings; a second concave portion formed at the front
surface layer to overlap with the first concave portion, when
seen in the thickness direction of the base member; and a
filling part filled into the second concave portion, wherein the
filling part overlaps with any one of the LED chips when seen
in the thickness direction of the base member.

In one embodiment, the semiconductor light emitting
device may further include an adhesive part disposed between
any one of the LED chips and the front surface layer, wherein
the filling part is disposed between the adhesive part and the
front surface layer, and contacts both the adhesive part and the
front surface layer.

In one embodiment, the filling part may be formed of a
conductive material.

In one embodiment, the filling part may be formed of an
alloy of Au and Sn.
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In one embodiment, the adhesive part may be formed of a
conductive material.

In one embodiment, the adhesive part may be formed of an
alloy of Au and Sn.

According to another aspect of the present disclosure, a
semiconductor light emitting device includes: one or more
LED chips; and a case including a front surface on which the
LED chip is mounted, and a rear surface opposite to the front
surface, wherein the case further includes: a base member
having an inner wall surface surrounding the LED chip; and a
reflective resin having: an internal edge disposed at the LED
chip side; an external edge contacting the inner wall surface;
and a reflective surface connecting the internal edge and the
external edge, and the reflective surface being inclined to be
gradually receded from the front surface from the internal
edge to the external edge.

In one embodiment, the reflective resin may have a reflec-
tivity higher than that of the base member.

In one embodiment, the reflective resin may be a white
resin.

In one embodiment, the base member may be formed of
ceramic.

In one embodiment, the case may be electrically connected
to the LED chip, and include a lead, at least a portion of the
lead being covered by the base member, and the base member
may include thermosetting resin or thermoplastic resin.

In one embodiment, a height from the front surface to the
external edge may be greater than a height from the front
surface to an active layer of the LED chip.

In one embodiment, the inner wall surface may be perpen-
dicular to the front surface.

In one embodiment, the semiconductor light emitting
device may include a bypass function element preventing a
reverse overvoltage from being applied to the LED chip, the
reflective resin covering the bypass function element.

In one embodiment, the reflective resin may cover a wire
connected to the bypass function element.

In one embodiment, the base member may be recessed
from the front surface toward the rear surface, and include a
stopping concave portion separated from the LED chip and
configured to receive the bypass function element.

In one embodiment, the internal edge may be matched with
an end edge of the stopping concave portion.

In one embodiment, the stopping concave portion may
receive a pad which is bonded to the wire connected to the
bypass function element.

In one embodiment, the stopping concave portion may
include a surrounding portion surrounding the LED chip.

In one embodiment, the semiconductor light emitting
device may include a plurality of the LED chips, wherein the
reflective resin includes a protruding portion disposed
between the LED chips adjacent to each other in the surround-
ing portion.

In one embodiment, the semiconductor light emitting
device may include another LED chip disposed at a center of
the case.

In one embodiment, the LED chip may have a flip chip type
structure in which an anode electrode and a cathode electrode
of'the LED chip faces the front surface.

In one embodiment, the internal edge of the reflective resin
may be separated from the LED chip.

In one embodiment, the LED chip may be disposed on the
onan opposite side of the front surface, and have a 2-wire type
structure in which an anode electrode and a cathode electrode
of'the LED chip are connected to a wire.

In one embodiment, the internal edge of the reflective resin
may be separated from the LED chip.
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In one embodiment, the case may include an anode pad and
a cathode pad which are bonded to the wire connected to the
LED chip, the anode pad and cathode pad being disposed
outside the LED chip.

In one embodiment, the reflective resin may cover the
anode pad and the cathode pad.

In one embodiment, the LED chip may include an n-type
semiconductor layer, a p-type semiconductor layer, an active
layer disposed between the n-type semiconductor layer and
the p-type semiconductor layer, and a sub mount substrate
supporting the layers, the n-type semiconductor layer, the
active layer, the p-type semiconductor layer being stacked on
the sub mount substrate.

In one embodiment, the reflective resin may cover an entire
portion of the front surface surrounded by the inner wall
surface other than a portion connected to the sub mount
substrate.

In one embodiment, the semiconductor light emitting
device may include a sealing resin covering the LED chip and
the reflective resin, and formed of a material which is
obtained by mixing a phosphor material with transparent
resin which transmits light from the LED chip, the phosphor
material being excited by light from the LED chip to emit
light of a wavelength different from the light from the LED
chip.

In one embodiment, the case may include: a front surface
layer; a rear layer; a plurality of anode through wirings; and a
plurality of cathode through wirings, the front surface layer
may include a plurality of anode pads and cathode pads which
are formed at the front surface of the base member, the rear
layer may include an anode mounting electrode and a cathode
mounting electrode which are formed at the rear surface of the
base member, the anode through wirings may electrically
connect the anode pads and the anode mounting electrodes,
and pass through at least a portion of the base member in a
thickness direction of the base member, and the cathode
through wirings may electrically connect the cathode pads
and the cathode mounting electrodes, and pass through at
least a portion of the base member in the thickness direction
of the base member.

In one embodiment, the semiconductor light emitting
device may further include: a first concave portion formed in
at least one of the anode through wirings and the cathode
through wirings; a second concave portion formed at the front
surface layer to overlap with the first concave portion, when
seen in the thickness direction of the base member; and a
filling part filled into the second concave portion, wherein the
filling part overlaps with any one of the LED chips when seen
in the thickness direction of the base member.

In one embodiment, the semiconductor light emitting
device may further include an adhesive part disposed between
any one of the LED chips and the front surface layer, wherein
the filling part is disposed between the adhesive part and the
front surface layer, and contacts both the adhesive part and the
front surface layer.

In one embodiment, the filling part may be formed of a
conductive material.

In one embodiment, the filling part may be formed of an
alloy of Au and Sn.

In one embodiment, the adhesive part may be formed of a
conductive material.

In one embodiment, the adhesive part may be formed of an
alloy of Au and Sn.

Advantages and features of the present disclosure will be
further clarified through a detailed description that is made
below with reference to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of a main part illustrating an example
of'a semiconductor light emitting device according to a first
embodiment of the present disclosure.

FIG. 2 is a sectional view taken along line II-II of FIG. 1.

FIG. 3 is an enlarged sectional view of a main part illus-
trating an example of an LED chip which is applied to the
semiconductor light emitting device of FIG. 1.

FIG. 4 is a plan view of a main part when it is assumed that
the semiconductor light emitting device of FIG. 1 has been cut
with respect to a plane taken along line IV-IV of FIG. 2.

FIG. 5 is a plan view of a main part when it is assumed that
the semiconductor light emitting device of FIG. 1 has been cut
with respect to a plane taken along line V-V of FIG. 2.

FIG. 6 is a bottom view illustrating the semiconductor light
emitting device of FIG. 1.

FIG. 7 is a plan view of a main part illustrating an example
of'a semiconductor light emitting device according to a sec-
ond embodiment of the present disclosure.

FIG. 8 is asectional view taken along line VIII-VIII of FIG.
7.

FIG. 9 is a partially enlarged sectional view illustrating an
enlarged portion of the semiconductor light emitting device
of FIG. 8.

FIG. 10 s a partially enlarged sectional view of a semicon-
ductor light emitting device according to a modified example
of the second embodiment of the present disclosure.

FIG. 11 is a plan view of a main part illustrating a semi-
conductor light emitting device according to a third embodi-
ment of the present disclosure.

FIG. 12 is a bottom view illustrating the semiconductor
light emitting device of FIG. 11.

FIG. 13 is a sectional view taken along line XIII-XIII of
FIG. 11.

FIG. 14 is a sectional view illustrating an LED chip which
is applied to the semiconductor light emitting device of FIG.
11.

FIG. 15 is a plan view of a main part illustrating a semi-
conductor light emitting device according to a fourth embodi-
ment of the present disclosure.

FIG. 16 is a sectional view taken along line XVI-XVT of
FIG. 15.

FIG. 17 is a plan view of a main part illustrating a semi-
conductor light emitting device according to a fifth embodi-
ment of the present disclosure.

FIG. 18 is a sectional view taken along line X VIII-XVIII of
FIG. 17.

FIG. 19 is a sectional view illustrating an LED chip which
is applied to the semiconductor light emitting device of FIG.
17.

FIG. 20 is a plan view of a main part illustrating a semi-
conductor light emitting device according to a sixth embodi-
ment of the present disclosure.

FIG. 21 is a sectional view taken along line XXI-XXI of
FIG. 20.

FIG. 22 is a sectional view illustrating an LED chip which
is applied to the semiconductor light emitting device of FIG.
20.

FIG. 23 is a plan view of a main part illustrating a semi-
conductor light emitting device according to a seventh
embodiment of the present disclosure.

FIG. 24 is a sectional view taken along line XXIV-XXIV of
FIG. 23.

FIG. 25 is a partially enlarged sectional view illustrating an
enlarged portion of the semiconductor light emitting device
of FIG. 24.
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FIG. 26 is a partially enlarged sectional view of a semicon-
ductor light emitting device according to a modified example
of the seventh embodiment of the present disclosure.

FIG. 27 is a sectional view of a main part illustrating an
example of a conventional semiconductor light emitting
device.

FIG. 28 is a sectional view illustrating an example of a
conventional semiconductor light emitting device.

DETAILED DESCRIPTION

Embodiments of the present disclosure will now be
described in detail with reference to the drawings.

FIGS. 1 to 6 illustrate an example of a semiconductor light
emitting device according to a first embodiment of the present
disclosure and an example of an LED chip applied thereto. A
semiconductor light emitting device Al according to the
present embodiment includes a case 2, a plurality of LED
chips 5, a Zenger diode 6, and a sealing resin 7. In FIG. 1, the
sealing resin 7 is not shown for convenience of illustrating.

The case 2 forms a base of the semiconductor light emitting
device A1, and includes a base member 3 and wires 4. In size,
the case 2 has a dimension of about 5 mm to about 10 mm and
a thickness of about 1.0 mm.

The base member 3 may have a thick rectangular plate
shape, and is formed of, for example, ceramic such as alu-
mina. In the present embodiment, a material, which is called
low temperature co-fired ceramic and has a relatively low
firing temperature of about 900 degrees Celsius, is used as the
ceramic. The low temperature co-fired ceramic may be fired
together with a metal that is a material of the wirings 4, at a
low firing temperature. A receiving concave portion 33 is
formed at the center of the base member 3. The receiving
concave portion 33 receives the LED chips 5, and has a
circular shape. A corner concave portion 34 is formed at each
of four corners of the base member 3. The corner concave
portion 34 is a portion of a through hole that is formed for
appropriately dividing a ceramic material during a process of
manufacturing the semiconductor light emitting device Al,
and is formed as a groove having a quarter round sectional
shape. The base member 3 includes a front surface 31 and a
rear surface 32. In the present embodiment, a depth of the
receiving concave portion 33, for example, is about 0.6 mm.

The wirings 4 are used as a path for supplying Direct
Current (DC) power to the LED chips 5, and include a front
surface layer 41, an intermediate layer 42, a rear surface layer
43, a plurality of anode through wirings 44, and a plurality of
cathode through wirings 45.

FIG. 4 is a plan view of a main part when it is assumed that
the semiconductor light emitting device A1 has been cut with
respect to a plane taken along line IV-1V of FIG. 2. In the
present disclosure, for convenience, portions of the wirings 4,
which are formed on a circular area of the front surface 31
surrounded by the receiving concave portion 33 or on a layer
which is disposed at the same vertical level as that of the front
surface 31 in a thickness direction of the base member 3 are
referred to as a front surface layer 41.

The front surface layer 41 includes a plurality of anode
pads 41a, a plurality of cathode pads 415, a bypass cathode
pad 41c, abypass anode pad 414, an anode plating wiring 41e,
and cathode plating wiring 41/ In the present embodiment,
among the surface layer 41, a portion other than the anode
plating wiring 41e and cathode plating wiring 41f1is formed of
Au, and the anode plating wiring 41e and cathode plating
wiring 41f are formed of an appropriately selected metal
including Au.
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The anode pads 41a and the cathode pads 415 are for
mounting the LED chips 5. As illustrated in FIG. 4, the anode
pad 41a and the cathode pad 415 adjacent to each other are
disposed as a set. In the present embodiment, five sets of the
anode pad 414 and the cathode pad 415 are formed. Each of
the anode pads 41a has three parallel branch-shaped portions,
a band-shaped portion that is perpendicularly connected to
the branch-shaped portions, and a circular portion connected
to the band-shaped portion. The cathode pad 415 has a band-
shaped portion and a circular portion connected to the band-
shaped portion.

The bypass cathode pad 41¢ and bypass anode pad 41d are
for mounting a bypass function element that prevents a
reverse overvoltage from being applied to the LED chip 5. In
the present embodiment, a Zener diode 6 is mounted as the
bypass function element. The bypass cathode pad 41c is
formed in a circular shape, and the bypass anode pad 414 has
a rectangular portion and a circular portion connected to the
rectangular portion.

The anode plating wiring 41e and cathode plating wiring
41fare used for forming the anode pads 414, the cathode pads
415, the bypass cathode pad 41c, the bypass anode pad 414,
and the rear surface layer 43 through plating. The anode
plating wiring 41e and the cathode plating wiring 41f are
extended from an upper end to a lower end of the base mem-
ber 3 in FIG. 4, approximately parallel to each other.

The intermediate layer 42 is formed approximately in the
center (at a depth of about 0.2 mm from the front surface 31)
between the front surface 31 and the rear surface 32 in a
thickness direction of the base member 3. FIG. 5 is a plan
view of a main part when it is assumed that the semiconductor
light emitting device Al has been cut along a plane taken
along line V-V of FIG. 2. As illustrated in FIG. 5, the inter-
mediate layer 42 includes a cathode relay wiring 42a. The
cathode relay wiring 42a has an approximately pentagonal
portion, a first band-shaped portion connected to the pentago-
nal portion, and a second band-shaped portion that is perpen-
dicularly connected to the first band-shaped portion.

As illustrated in FIG. 6, the rear surface layer 43 is formed
at the rear surface 32 of the base member 3, and includes an
anode mounting electrode 43a and a cathode mounting elec-
trode 435. The anode mounting electrode 43a and the cathode
mounting electrode 435 are used for surface-mounting the
semiconductor light emitting device Al, for example, on a
circuit board or the like. In the present embodiment, the anode
mounting electrode 43a and the cathode mounting electrode
43b are formed of Au. The anode mounting electrode 43a is
approximately rectangular in shape, and covers approxi-
mately two-thirds of a right region of the rear surface 32 of the
base member 3 in FIG. 6. The cathode mounting electrode
43b has an approximate rectangular shape, and covers
approximately one-fourth of a left region of the rear surface
32.

The plurality of anode through wirings 44 include a plu-
rality of full thickness anode through wirings 44a, a plurality
of plating anode through wirings 445, and a bypass cathode
through wiring 44c¢. Each of the anode through wirings 44
may be formed of Ag, Ta, or soldering. In the present embodi-
ment, each of the anode through wirings 44 is formed of Ag.
As illustrated in FIG. 2, the full thickness anode through
wirings 44a pass through the base member 3 from the front
surface 31 to the rear surface 32 in a thickness direction
thereof. As understood in FIGS. 4 and 6, the full thickness
anode through wirings 44a are disposed in positions where
the anode pad 41a and the anode mounting electrode 43q are
overlapped when seen in a thickness direction of the base
member 3. That is, in each full thickness anode through
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wiring 44a, an end surface of the anode through wiring 44a in
the front surface 31 side is covered by the circular portion of
the anode pad 41a, and an end surface of the anode through
wiring 44a in the rear surface 32 side is covered by the anode
mounting electrode 43a.

The plurality of plating anode through wirings 445 pass
through the base member 3 in the thickness direction thereof
just like the full thickness anode through wirings 44a. As
understood in FIGS. 4 and 6, the plating anode through wir-
ings 445 are disposed in positions where the anode plating
wiring 41e and the anode mounting electrode 43a are over-
lapped when seen in the thickness direction of the base mem-
ber 3. That is, in each plating anode through wiring 445, an
end surface in the front surface 31 side is covered by the anode
plating wiring 41e, and an end surface in the rear surface 32
side is covered by the anode mounting electrode 43a.

The bypass cathode through wiring 44¢ passes through the
base member 3 from the front surface 31 to the rear surface 32
in the thickness direction thereof, identically to the full thick-
ness anode through wirings 44a. As understood in FIGS. 4
and 6, the bypass cathode through wiring 44¢ is disposed in
positions where the bypass cathode pad 41¢ and the anode
mounting electrode 43a are overlapped when seen in the
thickness direction of the base member 3. That is, in the
bypass cathode through wiring 44¢, an end surface in the front
surface 31 side is covered by the bypass cathode pad 41¢, and
an end surface in the rear surface 32 side is covered by the
anode mounting electrode 43a.

The plurality of cathode through wirings 45 include a plu-
rality of front surface side cathode through wirings 45a, a
plurality of rear surface side cathode through wirings 455, a
plurality of plating cathode through wirings 45¢, and a bypass
anode through wiring 45d. In the present embodiment, the
cathode through wirings 45 are formed of Ag. As illustrated in
FIG. 2, the front surface side cathode through wiring 45a
passes through a portion of the base member 3 from the front
surface 31 to the intermediate layer 42 in the thickness direc-
tion thereof. As understood in FIGS. 4 and 5, the front surface
side cathode through wirings 45q are disposed in positions
where the cathode pads 415 and the cathode relay wiring 42a
are overlapped when seen in the thickness direction of the
base member 3. That is, in the front surface side cathode
through wirings 45a, an end surface in the front surface 31
side is covered by the cathode pads 415, and an end surface in
the intermediate layer 42 side is covered by the cathode relay
wiring 42a.

The plurality of rear surface side cathode through wirings
45b pass through a portion of the base member 3 from the
intermediate layer 42 to the rear surface 32 in the thickness
direction thereof. As understood in FIGS. 5 and 6, the rear
surface side cathode through wirings 456 are disposed in
positions where the cathode relay wiring 42a and the cathode
mounting electrode 435 are overlapped when seen in the
thickness direction of the base member 3. That is, in the rear
surface side cathode through wirings 4556, an end surface in
the intermediate layer 42 side is covered by the cathode relay
wiring 42a, and an end surface in the rear surface 32 side is
covered by the cathode mounting electrode 435. Through the
cathode relay wiring 42a of the intermediate layer 42, the
front surface side cathode through wirings 45a and the rear
surface side cathode through wirings 456 are electrically
connected to each other.

The plurality of plating cathode through wirings 45¢ pass
through the base member 3 in the thickness direction thereof
just like the full thickness anode through wiring 44a. As
understood in FIGS. 4 and 6, the plating cathode through
wirings 45¢ are disposed in positions where the cathode plat-
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ing wiring 417 and the cathode mounting electrode 435 are
overlapped when seen in the thickness direction of the base
member 3. That is, in each plating cathode through wiring
45¢, an end surface in the front surface 31 side is covered by
the cathode plating wiring 41/, and an end surface in the rear
surface 32 side is covered by the cathode mounting electrode
43b.

The bypass anode through wiring 454 passes through the
base member 3 from the front surface 31 to the intermediate
layer 42, identically to the front surface side cathode through
wiring 45a. As understood in FIGS. 4 and 5, the bypass anode
through wiring 454 is disposed in a position where the bypass
anode pad 41d and the anode relay wiring 424 are overlapped
when seen in the thickness direction of the base member 3.
That is, in the bypass anode through wiring 45d, an end
surface in the front surface 31 side is covered by the bypass
anode pad 414, and an end surface in the intermediate layer 42
side is covered by the cathode relay wiring 42a.

Each of the LED chips 5, being a light source of the semi-
conductor light emitting device Al, has the following con-
figuration. First, for example, an n-type semiconductor layer
5b formed of a GaN-based semiconductor is stacked on a
substrate 5a formed of sapphire. Also, an active layer 5¢ is
stacked on the n-type semiconductor layer 5b6. The active
layer 5c¢, for example, has a multi-quantum well structure
where a plurality of layers formed of a GaN-based semicon-
ductor are stacked. A p-type semiconductor layer 54 is
stacked on the active layer 5¢, for example, formed of a
GaN-based semiconductor. An anode electrode 5e is stacked
on the p-type semiconductor layer 5d, for example, formed of
a metal such as Al, Au, Ag, etc. A cathode electrode 5/ is
stacked on the n-type semiconductor layer 55 that is exposed
by removing the p-type semiconductor layer 54 and active
layer 5¢ through etching. The cathode electrode 5f'is formed
of, for example, a metal such as Al, Au, Ag, etc.

Each LED chip 5 is manufactured, and then mounted on the
anode pad 41a and the cathode pad 415 by a predetermined
mounting method such as a so-called flip chip type mounting
method with inverted top and bottom. In detail, the anode
electrode Se is connected to the anode pad 41a through an
adhesive part 51, and the cathode electrode 5f1is connected to
the cathode pad 415 through the adhesive part 51. Each LED
chip 5 having such a configuration, for examples, emits blue
light.

The Zener diode 6 is a functional element for preventing a
reverse overvoltage from being applied to the LED chips 5. In
the present embodiment, the Zener diode 6 is die-bonded to
the bypass cathode pad 41¢, and electrically connected to the
bypass cathode pad 41¢. Furthermore, the Zener diode 6 and
the bypass anode pad 414 are connected to each other by a
wire 61. Also, instead of the Zener diode 6, a varistor element
or an Electro Static Discharge (ESD) protecting element may
be used as the functional element for preventing the applica-
tion of a reverse overvoltage.

The sealing resin 7 buries the receiving concave portion 33
of'the case 2, and covers the LED chips 5. The sealing resin 7
is formed of a material that is obtained by mixing a phosphor
material with a transparent epoxy resin or a silicon resin. The
phosphor material, for example, is excited by blue light from
the LED chip 5, thereby emitting yellow light. By combining
the yellow light and the blue light, white light is emitted from
the semiconductor light emitting device Al.

Next, an effect of the semiconductor light emitting device
A1 will be described below.

According to the present embodiment, as illustrated in
FIGS. 2 and 3, the substrate 5a is not disposed between the
active layer 5¢ and the case 2. Comparing the substrate 5a, the
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p-type semiconductor layer 54 is very thin, and the anode
electrode 5e is formed of a metal having high thermal con-
ductivity. Thus, heat generated from the LED chip 5 is readily
transferred to the case 2. Accordingly, the dissipation of heat
from the LED chip 5 can be facilitated, and the light emission
efficiency of the LED chip 5 can increase.

The anode pad 41a is connected to the anode mounting
electrode 43a through the full thickness anode through wiring
44a. Therefore, heat from the LED chip 5 is transferred to the
anode mounting electrode 43a through the full thickness
anode through wiring 44a, and moreover transferred to a
circuit board with the semiconductor light emitting device A1
mounted thereon. This can facilitate the heat dissipation of
the LED chip, thus increasing the light emission efficiency of
the LED chip 5.

Moreover, the cathode pad 415 is connected to the cathode
mounting electrode 435 through the front surface side cath-
ode through wiring 45a, the cathode relay wiring 424, and the
rear surface side cathode through wiring 455. Therefore, heat
from the LED chip 5 is transferred to the cathode mounting
electrode 435 through the front surface side cathode through
wiring 45a, the cathode relay wiring 424, and the rear surface
side cathode through wiring 455, and moreover transferred to
the circuit board with the semiconductor light emitting device
Al mounted thereon. This can facilitate the heat dissipation
of'the LED chip, thus increasing the light emission efficiency
of the LED chip 5.

The plurality of anode through wirings 44 and the plurality
of cathode through wirings 45 are formed of Ag. This can
easily facilitate the dissipation of heat from the LED chip 5.
Also, in each of the anode through wirings 44 and the cathode
through wirings 45, an end surface in the front surface 31 side
and an end surface in the rear surface 32 side are covered by
the front surface layer 41 and the rear surface layer 43, respec-
tively. In the front surface layer 41 and the rear surface layer
43, at least portions covering the end surfaces of the anode
through wirings 44 and the cathode through wirings 45 are
formed of Au. Accordingly, the anode through wirings 44 and
the cathode through wirings 45 formed of relatively degen-
erative Ag can be protected appropriately.

The base member 3 is formed of ceramic such as alumina,
for example, which has a thermal expansion rate relatively
close to that of a GaN-based semiconductor which is a mate-
rial of the LED chip 5. Therefore, a thermal expansion differ-
ence hardly occurs between the LED chip 5 and the case 2
when mounting the LED chip 5 on the case 2, emitting light
from the LED chip 5 or the like. Accordingly, the LED chip 5
can be prevented from abnormally being detached from the
case 2.

The bypass cathode pad 41c¢ is connected to the anode
mounting electrode 43a through the bypass cathode through
wiring 44c¢. This can allow a temporary high current to flow
smoothly to prevent a reverse overvoltage from being applied
to the LED chip 5.

A second embodiment of the present disclosure will be
described below with reference to FIGS. 7 t0 9.

A semiconductor light emitting device A2 in FIG. 9 differs
from the semiconductor light emitting device Al in that the
former includes a filling part 8. A detailed description on this
will be made below.

Although not illustrated in the description of the semicon-
ductor light emitting device Al, actually, a concave portion
recessed from the rear surface 32 of the base member 3 may
be formed in the anode through wiring 44 or the cathode
through wiring 45. The concave portion may be formed when
firing the base member 3. In FIG. 9, a concave portion 44/ is
illustrated to be formed in the full thickness anode through
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wiring 44a among the anode through wirings 44. In the
present embodiment, as illustrated in FIGS. 7 and 8, the LED
chips 5 are respectively disposed at positions overlapped with
the full thickness anode through wirings 44a.

Moreover, in the present embodiment, three full thickness
anode through wirings 44a are formed at positions over-
lapped with one LED chip 5, but the number of the full
thickness anode through wirings 44a overlapped with one
LED chip 5 is not limited to three. The number of the full
thickness anode through wirings 44a may be one, two, or four
or more. As the number of the full thickness anode through
wirings 44a increases, heat from the LED chip 5 can be more
efficiently transferred to the anode mounting electrode 43a.
This can facilitate the heat dissipation of the semiconductor
light emitting device A2. Also, many full thickness anode
through wirings 44a can decrease an electric resistance
between the front surface layer 41 (anode pad 41a) and the
anode mounting electrode 43a.

A surface defining the concave portion 44/ is covered by
the front surface layer 41. The front surface layer 41 has an
almost conformal thickness. Therefore, a concave portion
41/ is formed even in the front surface layer 41. The concave
portion 41/ of FIG. 9 is formed at the anode pad 41a of the
front surface layer 41. The concave portion 41/ is recessed
toward the rear surface 32 of the base member 3. The concave
portion 41/ overlaps with the concave portion 44/ when seen
in the thickness direction of the base member 3. Thus, in FIG.
9, the concave portion 41/ is disposed just on the concave
portion 44/. Also, although not shown, in the present embodi-
ment, the front surface layer 41 has a structure where a layer
formed of Ni and a layer formed of Au are stacked. The layer
formed of Ni is disposed between the layer formed of Au and
the base member 3.

The concave portion 414 is filled with the filling part 8. The
filling part 8 contacts the front surface layer 41 and the adhe-
sive part 51. The filling part 8 may be formed of a conductive
material or an insulating material. In the present embodiment,
the filling part 8 is formed of a conductive material. As the
conductive material forming the filling part 8, for example, an
alloy of Au and Sn may be used. The filling part 8 is formed
before disposing the LED chip 5 at the front surface layer 41
with the adhesive part 51. The filling part 8, for example, is
formed by coating the concave portion 41/ with a paste.

Inthe present embodiment, the adhesive part 51 is disposed
between any one of the LED chips 5 and the front surface
layer 41. The adhesive part 51 affixes each LED chip 5 to the
front surface layer 41. The adhesive part 51 may be formed of
a conductive material or an insulating material. In the present
embodiment, the adhesive part 51 is formed of a conductive
material. As the conductive material forming the adhesive
part 51, for example, an alloy of Au and Sn may be used.
Alternatively, the conductive material forming the adhesive
part 51 may be a silver paste or soldering.

According to the semiconductor light emitting device A2,
by forming the filling part 8 at the concave portion 41/ before
disposing the LED chip 5 on the base member 3, a surface of
a portion for disposing the LED chip 5 can be better pla-
narized. Therefore, even though the LED chip 5 is disposed at
a position overlapped with the full thickness anode through
wiring 44a when seen in the thickness direction of the base
member 3, since the LED chip 5 is not sunken into the con-
cave portion 414, the position of the LED chip 5 can be
prevented from being changed when disposing the LED chip
5. Accordingly, the manufacturing yield of the semiconductor
light emitting device A2 can be enhanced.

Moreover, in FIG. 9, an example is illustrated where the
concave portion 44/ is formed at the anode through wiring 44,
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and the concave portion 417 is formed at the anode pad 41a of
the front surface layer 41. Unlike the configuration illustrated
in FIG. 9, in FIG. 10, a case is considered where a concave
portion 45/ is formed at the cathode through wiring 45, and
the concave portion 41/ is formed at a position overlapped
with the concave portion 45/ when seen in the thickness
direction of the base member 3. In this case, the filling part 8
may be formed at the concave portion 41/, and the LED chip
may be disposed at a position overlapped with the cathode
through wiring 45 when seen in the thickness direction of the
base member 3.

FIGS. 11 to 13 illustrate a semiconductor light emitting
device according to a third embodiment of the present disclo-
sure. A semiconductor light emitting device 101 of the
present embodiment includes a case 200, a plurality of LED
chips 500, a Zener diode 600, a reflective resin 710, and a
sealing resin 700. Also, in FIG. 11, the sealing resin 700 is not
shown to simplify the illustration.

The case 200 forms the base of the semiconductor light
emitting device 101, and includes a base member 300 and
wires 400. In size, the case 200 has a dimension of about 5 mm
to about 10 mm and a thickness of about 1.0 mm.

The base member 300 is formed in a rectangular plate
shape, for example, formed of ceramic such as alumina. In the
present embodiment, a material, which is called low tempera-
ture co-fired ceramic and has a relatively low firing tempera-
ture of about 900 degrees Celsius, is used as the ceramic. The
low temperature co-fired ceramic may be fired together with
a metal that is a material of wirings 400, at a low firing
temperature.

A receiving concave portion 303 is formed at the center of
the base member 300. The receiving concave portion 303
receives the LED chips 500, and has a rectangular shape. A
corner concave portion 304 is formed at each of the four
corners of the base member 300. The corner concave portion
304 is a portion of a through hole that is formed for appro-
priately dividing a ceramic material during a process of
manufacturing the semiconductor light emitting device 101,
and is formed as a groove having a quarter round sectional
shape. The base member 300 includes a front surface 301 and
a rear surface 302. An inner wall surface 305 of the receiving
concave portion 303 has a ring shape and is perpendicular to
the front surface 301. In the present embodiment, a depth of
the receiving concave portion 303, for example, is about 0.6
mm.

The base member 300 includes a stopping concave portion
306. The stopping concave portion 306 is recessed from the
front surface 301, and contacts the inner wall surface 305. In
the present embodiment, the stopping concave portion 306 is
rectangular in shape.

The wirings 400 are used as a path for supplying DC power
to the LED chips 500, and includes a front surface layer 410,
an intermediate layer 420, a rear surface layer 430, a plurality
of anode through wirings 440, and a plurality of cathode
through wirings 450.

The front surface layer 410 includes a plurality of anode
pads 411, a plurality of cathode pads 412, a bypass cathode
pad 413, and a bypass anode pad 414. The front surface layer
410, for example, is formed of Au.

The anode pads 411 and the cathode pads 412 are for
mounting the LED chip 500. The anode pad 411 and the
cathode pad 412 adjacent to each other are disposed as a set.
Inthe present embodiment, five sets of the anode pad 411 and
the cathode pad 412 are formed. Each of the anode pads 411
has three parallel branch-shaped portions, a band-shaped por-
tion that is perpendicularly connected to the branch-shaped
portions, and a circular portion connected to the band-shaped
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portion. The cathode pad 412 has a band-shaped portion and
a circular portion connected to the band-shaped portion.

The bypass cathode pad 413 and the bypass anode pad 414
are for mounting a bypass function element that prevents a
reverse overvoltage from being applied to the LED chip 500.
In the present embodiment, a Zener diode 600 is mounted as
the bypass function element. The bypass cathode pad 413 is
circular in shape, and the bypass anode pad 414 has a rectan-
gular portion and a circular portion connected to the rectan-
gular portion.

The intermediate layer 420 is formed approximately in the
center (a depth of about 0.2 mm from the front surface 301)
between the front surface 301 and the rear surface 302 in a
thickness direction of the base member 300. The intermediate
layer 420 includes a cathode relay wiring 421.

As illustrated in FIG. 12, the rear surface layer 430 is
formed at the rear surface 302 of the base member 300, and
includes an anode mounting electrode 431 and a cathode
mounting electrode 432. The anode mounting electrode 431
and the cathode mounting electrode 432 are used for surface-
mounting the semiconductor light emitting device 101, for
example, on a circuit board or the like. In the present embodi-
ment, the anode mounting electrode 431 and the cathode
mounting electrode 432 are formed of Au. The anode mount-
ing electrode 431 is approximately rectangular in shape, and
covers approximately two-thirds of a right region of the rear
surface 302 of the base member 300 in FIG. 12. The cathode
mounting electrode 432 is approximately rectangular in
shape, and covers approximately one-fourth ofa left region of
the rear surface 302.

The plurality of anode through wirings 440 include a plu-
rality of full thickness anode through wirings 441 and a
bypass cathode through wiring 443. Each of the anode
through wirings 440 may be formed of Ag, Ta, or soldering. In
the present embodiment, each of the anode through wirings
440 is formed of Ag. As illustrated in FIG. 13, the full thick-
ness anode through wirings 441 pass through the base mem-
ber 300 from the front surface 301 to the rear surface 302 in
the thickness direction thereof. In each full thickness anode
through wiring 441, an end surface in the front surface 301
side is covered by the circular portion of the anode pad 411,
and an end surface in the rear surface 302 side is covered by
the anode mounting electrode 431.

The bypass cathode through wiring 443 passes through the
base member 300 from the front surface 301 to the rear
surface 302 in the thickness direction thereof, identically to
the full thickness anode through wirings 441. In the bypass
cathode through wiring 443, an end surface in the front sur-
face 301 side is covered by the bypass cathode pad 413, and
an end surface in the back surface 302 side is covered by the
anode mounting electrode 431.

The plurality of cathode through wirings 450 include a
plurality of front surface side cathode through wirings 451, a
plurality of rear surface side cathode through wirings (not
shown), and a bypass anode through wiring (not shown). In
the present embodiment, the cathode through wirings 450 are
formed of Ag. The front surface side cathode through wiring
451 passes through a portion of the base member 300 from the
front surface 301 to the intermediate layer 420 in the thick-
ness direction thereof. In the front surface side cathode
through wirings 451, an end surface in the front surface 301
side is covered by the cathode pads 412, and an end surface in
the intermediate layer 420 side is covered by the cathode relay
wiring 421. The rear surface side cathode through wirings
pass through a portion of the base member 300 from the
intermediate layer 420 to the rear surface 302 in the thickness
direction thereof. In the rear surface side cathode through
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wirings, an end surface in the intermediate layer 420 side is
covered by the cathode relay wiring 421, and an end surface
in the rear surface 302 side is covered by the cathode mount-
ing electrode 432. Through the cathode relay wiring 421 of
the intermediate layer 420, the front surface side cathode
through wirings 451 and rear surface side cathode through
wirings are electrically connected to each other. The bypass
anode through wiring passes through the base member 300
from the front surface 301 to the intermediate layer 420,
identically to the front surface side cathode through wiring
451. In the bypass anode through wiring, an end surface in the
front surface 301 side is covered by the bypass anode pad 414,
and an end surface in the intermediate layer 420 side is cov-
ered by the cathode relay wiring 421.

Two test electrodes 460 are formed at an uppermost surface
of the base member 300. The test electrodes 460 are electri-
cally connected to the anode pads 411 and the cathode pads
412. In a process of manufacturing the semiconductor light
emitting device 101, by connecting a power supply probe for
test to the two test electrodes 460, a test for lighting the LED
chip 500 may be performed.

Each of the LED chips 500, being a light source of the
semiconductor light emitting device 101, has the following
configuration. First, as illustrated in FIG. 14, for example, an
n-type semiconductor layer 502 formed of a GaN-based
semiconductor is stacked on a substrate 501 formed of sap-
phire. Also, an active layer 503 is stacked on the n-type
semiconductor layer 502. The active layer 503, for example,
has a multi-quantum well structure where a plurality of layers
each formed of a GaN-based semiconductor are stacked. A
p-type semiconductor layer 504 is stacked on the active layer
503, for example, formed of a GaN-based semiconductor. An
anode electrode 505 is stacked on the p-type semiconductor
layer 504, for example, formed of a metal such as Al, Au, Ag,
etc. A cathode electrode 506 is stacked on the n-type semi-
conductor layer 502 that is exposed by removing the p-type
semiconductor layer 504 and the active layer 503 through
etching. The cathode electrode 506 is formed, for example, of
a metal such as Al, Au, Ag, etc.

Each LED chip 500 is manufactured, and then mounted on
the anode pad 411 and the cathode pad 412 by a predeter-
mined mounting method such as a so-called flip chip type
mounting method with inverted top and bottom. In detail, the
anode electrode 505 is connected to the anode pad 411
through an adhesive part 510, and the cathode electrode 506
is connected to the cathode pad 412 through the adhesive part
510. Each LED chip 500 having such a configuration, for
examples, emits blue light.

The Zener diode 600 is a functional element for preventing
a reverse overvoltage from being applied to the LED chips
500. In the present embodiment, the Zener diode 600 is die-
bonded to the bypass cathode pad 413, and electrically con-
nected to the bypass cathode pad 413. Furthermore, the Zener
diode 600 and the bypass anode pad 414 are connected to each
other by a wire 610. The Zener diode 600, the bypass cathode
413, and the bypass anode pad 414 are formed in the stopping
concave portion 306. Also, instead of the Zener diode 600, a
varistor element or an ESD protecting element may be used as
the functional element for preventing the application of a
reverse overvoltage.

A reflective resin 710, for example, is formed of a material
that is obtained by mixing silicon resin with oxide titanium,
and has a clear white color. As illustrated in FIGS. 11 and 13,
the reflective resin 710 includes an internal edge 712, an
external edge 713, and a reflective surface 711. The internal
edge 712 is separated from the LED chips 500 to surround the
LED chips 500. The external edge 713 contacts the inner wall
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surface 305. The reflective surface 711 is a surface that con-
nects the internal edge 712 and the external edge 713, and is
formed as an inclined surface of which a height increases in a
direction from the internal edge 712 to the external edge 713.
The internal edge 712 contacts the front surface 301. Also, a
height “a” from the front surface 301 to the external edge 713
is greater than a height “b” from the front surface 301 to the
active layer 503 of the LED chip 500. The reflective resin 710
covers the Zener diode 600, the bypass cathode pad 413, the
bypass anode pad 414, and the wire 610. A portion of the
internal edge 712 is matched with a portion of an end edge of
the stopping concave portion 306. The reflective resin 710, for
example, may be formed by applying a resin material having
appropriate viscosity to the front surface 301 and the stopping
concave portion 306. By fluidity and surface tension of the
resin material, the shape of the reflective resin 710 is realized.

The sealing resin 700 buries the receiving concave portion
303 of the case 200, and covers the LED chips 500 and the
reflective resin 710. The sealing resin 700 is formed of a
material that is obtained by mixing a phosphor material with
a transparent epoxy resin or a silicon resin. The phosphor
material, for example, is excited by blue light from the LED
chip 500, thereby emitting yellow light. By combining the
yellow light and the blue light, white light is emitted from the
semiconductor light emitting device 101.

Next, an effect of the semiconductor light emitting device
101 will be described below.

According to the present embodiment, as illustrated in
FIG. 13, the reflective surface 711 is disposed between the
LED chip 500 and the inner wall surface 305. The reflective
surface 711 is inclined such that a height from the front
surface 301 increases gradually in a direction from the inter-
nal edge 712 ofthe LED chip 500 side to the external edge 713
contacting the inner wall surface 305. Therefore, light that is
emitted sideways from the LED chip 500 can be appropriately
reflected in an upward direction in the drawing. Also, the
reflective surface 711 is formed by the reflective resin 710
formed in the receiving concave portion 303. Thus, by form-
ing the reflective resin 710, the size of the case 200 is not
enlarged. Accordingly, the miniaturization and high lumi-
nance of the semiconductor light emitting device 101 can be
enhanced.

The reflective resin 710 is formed of a material which has
a reflectivity higher than that of the ceramic material of the
base member 300. Accordingly, the attenuation of light can be
prevented when the light from the LED chip 500 is reflected
by the reflective surface 711. By using white resin as the
material of the reflective resin 710, the attenuation of light due
to reflection can be prevented.

The active layer 503 is a light emitting portion in the LED
chip 500. As illustrated in FIGS. 13 and 15, the height “a”
from the front surface 301 to the external edge 713 is greater
than the height “b” from the front surface 301 to the active
layer 503. Therefore, the reflective surface 711 is disposed in
front of the light that is emitted sideways from the active layer
503. Accordingly, the light that is emitted sideways from the
active layer 503 can be efficiently reflected in an upward
direction.

The inner wall surface 305 being perpendicular to the front
surface 301 is favorable for miniaturizing of the case 200.

Generally, the Zener diode 600 absorbs relatively more
light compared to the reflective resin 710 formed of white
resin. By covering the Zener diode 600 with the reflective
resin 710, light from the LED chip 500 is prevented from
being absorbed into the Zener diode 600, and thus, the high
luminance of the semiconductor light emitting device 101 can
be further facilitated. By disposing the Zener diode 600 at the
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stopping concave portion 306, when applying a liquefied or
pasty resin material to the stopping concave portion 306 in
forming the reflective resin 710, the resin material can appro-
priately cover the Zener diode 600, and surface tension of the
resin material can prevent the internal edge 712 from passing
over the end edge of the stopping concave portion 306. This
can facilitate high luminance, and prevent the reflective resin
710 from being attached to the active layer 503 of the LED
chip 500.

FIGS. 15 to 22 illustrate other embodiments of the present
disclosure. In the drawings, elements similar or equal to those
of the above-described embodiments are indicated by the
same reference numerals as those of the above-described
embodiments.

FIGS. 15 and 16 illustrate a semiconductor light emitting
device according to a fourth embodiment of the present dis-
closure. A semiconductor light emitting device 102 of the
present embodiment differs from the above-described
embodiments in configuration of a stopping concave portion
306.

In the present embodiment, the stopping concave portion
306 includes a surrounding portion 307 and protruding por-
tions 308. The surrounding portion 307 has a ring shape along
the inner wall surface 305, and surrounds a plurality of LED
chips 500. The protruding portions 308 protrude from the
surrounding portion 307 between LED chips 500 adjacent to
each other. One LED chip 500 is disposed at a region near to
the center of the case 200.

In the present embodiment, an entire internal edge 712 of a
reflective resin 710 is matched with an end edge of the stop-
ping concave portion 306. That is, the reflective resin 710 is
formed at a position set back from a front surface 301.

By the present embodiment, high luminance and miniatur-
ization of the semiconductor light emitting device 102 can be
facilitated. Also, by forming the surrounding portion 307 at
the stopping concave portion 306, the internal edge 712 of the
reflective resin 710 is formed at a position closer to the LED
chip 500, and moreover, a resin material can be prevented
from becoming attached to the LED chip 500 when forming
the reflective resin 710. By forming the protruding portions
308, the reflective resin 710 can be appropriately formed in a
space between adjacent LED chips 500. A portion of a reflec-
tive surface 711 extended by the protruding portions 308 can
efficiently reflect light from the LED chip 500.

FIGS. 17 and 18 illustrate a semiconductor light emitting
device according to a fifth embodiment of the present disclo-
sure. A semiconductor light emitting device 103 of the
present embodiment mainly differs from the above-described
embodiments in configuration of LED chips 500. In the
present embodiment, as illustrated in FIG. 19, each of the
LED chips 500 has an anode electrode 505 and a cathode
electrode 506 formed at a top side. Wires 550 are connected to
the anode electrode 505 and the cathode electrode 506. Such
an LED chip 500 is a so-called 2-wire type.

As illustrated in FIG. 17, a receiving concave portion 303
is circular in shape when seen from a plane. A plurality of die
bonding pads 417 are formed at a front surface 301. The LED
chip 500 is die-bonded to the die bonding pad 417. A plurality
of anode pads 411 and a plurality of cathode pads 412 are
disposed with the die bonding pads 417 therebetween. One
wire 550 of each LED chip 500 is connected to each anode
pad 411, and the other wire 550 is connected to each cathode
pad 412.

A reflective resin 710 covers the anode pads 411 and the
cathode pads 412. Also, inthe wire 550, a portion in the anode
pads 411 side or in the cathode pads 412 side is covered by the
reflective resin 710. An internal edge 712 is disposed at a
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position separated from the LED chips 500 and the die bond-
ing pads 417, and thus, the reflective resin 710 surrounds the
LED chips 500 and die bonding pads 417. The Zener diode
600 and the wire 610 are also covered by the reflective resin
710.

By such a configuration, high luminance and miniaturiza-
tion of the semiconductor light emitting device 103 can be
facilitated. Also, the anode pad 411 and the cathode pad 412
are disposed outside the LED chip 500. Therefore, all the
wires 500 connected to the 2-wire type LED chip 500 are
extended outward from the LED chip 500. Portions of the
wires 550 boned to the anode pad 411 or the cathode pad 412
and portions adjacent thereto pull a resin material by surface
tension when forming the reflective resin 710. Accordingly,
the resin material can be positioned outside the LED chips
500.

FIGS. 20 and 21 illustrate a semiconductor light emitting
device according to a sixth embodiment of the present disclo-
sure. A semiconductor light emitting device 104 of the
present embodiment mainly differs from the above-described
embodiments in the entire configuration of the case 200 and
structure of LED chip 500.

In the present embodiment, as illustrated in FIG. 22, the
LED chip 500, for example, is formed in a structure that
includes a sub mount substrate 507 formed of Si and a semi-
conductor layer where a substrate 501, an n-type semicon-
ductor layer 502, an active layer 503, and a p-type semicon-
ductor layer 504 (for example, which are formed of GaN) are
stacked, and emits blue light. In the semiconductor layer, an
anode electrode 505 and a cathode electrode 506 are formed
at the sub mount substrate 507 side. The anode electrode 505
and the cathode electrode 506 are connected to a wiring
pattern (not shown) formed at the sub mount substrate 507 by
a conductive paste 511. Two electrodes (not shown) are
formed at the sub mount substrate 507. One end of each of two
wires 550 is bonded to each of the electrodes. As illustrated in
FIGS. 20 and 21, the other end of one wire 550 is bonded to
an anode pad 411, and the other end of another wire 550 is
bonded to a cathode pad 412.

A base member 300 is rectangular in shape, and a receiving
concave portion 303 also is rectangular in. In the present
embodiment, an inner wall surface 305 is inclined in a direc-
tion particular to a front surface 301. A reflective resin 710
covers a region other than a portion of the front surface 301
attached to the sub mount substrate 507 of the LED chip 500.
An internal edge 712 of the reflective resin 710 contacts the
sub mount substrate 507. The anode pad 411 has a planar
dimension that occupies most portions of the receiving con-
cave portion 303. A plurality of LED chips 500 is die-bonded
to the anode pad 411. A Zener diode 600 and a wire 610 are
covered by the reflective resin 710. Also, the bypass function
element described in the present disclosure may be mounted
on the sub mount substrate 507.

An anode side wiring 461 and a cathode side wiring 462 are
formed at side surfaces of the base member 300. The anode
side wiring 461 is connected to the anode pad 411 and an
anode mounting electrode 431. The cathode side wiring 462
is connected to the cathode pad 412 and a cathode mounting
electrode 432.

Using such a configuration, high luminance and miniatur-
ization of the semiconductor light emitting device 102 can be
realized. By covering most portions of the receiving concave
portion 303 with the reflective resin 710, high luminance can
be further facilitated. The sub mount substrate 507 protrudes
from the front surface 301. Therefore, when forming the
reflective resin 710, a resin material can be prevented from
overflowing toward the active layer 503. Since the sub mount
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substrate 507 is not a part that emits light, high luminance of
the semiconductor light emitting device 104 is not disturbed.

Moreover, as a modified example of the semiconductor
light emitting device 104, the wirings 400 may be formed by
a plate-shaped lead that is formed of Cu, Fe, or an alloy
thereof. Specifically, the wirings 400 may use a lead having a
part that corresponds to the cathode pad 412, the cathode side
wiring 462, and the cathode mounting electrode 432, and a
lead having a part that corresponds to the anode pad 411, the
anode side wiring 461, and the anode mounting electrode
431. Also, in this modified example, a portion of the base
member 300 configuring the inner wall surface 305 may be
formed of a thermosetting resin or thermoplastic resin.

A seventh embodiment of the present disclosure will be
described below with reference to FIGS. 23 to 25.

A semiconductor light emitting device 105 of the same
drawing differs from the semiconductor light emitting device
101 in that the former includes a filling part 800 of FIG. 25. A
detailed description on this will be made below.

Although not explained in the description of the semicon-
ductor light emitting device 101, actually, a concave portion
recessed from the rear surface 302 of the base member 300
may be formed mainly at the anode through wiring 440 or at
the cathode through wiring 450. The concave portion is
formed in firing the base member 300. In FIG. 25, a concave
portion 449 is illustrated to be formed at the full thickness
anode through wiring 441 among the anode through wirings
440. In the present embodiment, as illustrated in FIGS. 23 and
24, the LED chips 500 are respectively disposed at a position
overlapped with the full thickness anode through wiring 441.

Moreover, in the present embodiment, three full thickness
anode through wirings 441 are formed at positions over-
lapped with one LED chip 500, but the number of the full
thickness anode through wirings 441 overlapped with one
LED chip 500 is not limited to three. The number of the full
thickness anode through wirings 441 may be one, two, or four
or more. As the number of the full thickness anode through
wirings 441 increases, heat from the LED chip 500 can be
more efficiently transferred to the anode mounting electrode
431. This can enhance the heat dissipation of the semicon-
ductor light emitting device 105. Also, many full thickness
anode through wirings 441 can decrease electric resistance
between the front surface layer 410 (anode pad 411) and the
anode mounting electrode 431.

A surface defining the concave portion 449 is covered by
the front surface layer 410. The front surface layer 410 has an
almost conformal thickness. Therefore, a concave portion
419 is formed even in the front surface layer 410. The concave
portion 419 of FIG. 25 is formed at the anode pad 411 of the
front surface layer 410. The concave portion 419 is recessed
toward the rear surface 302 of the base member 300. The
concave 419 overlaps with the concave portion 419 when
seen in the thickness direction of the base member 3. Thus, in
FIG. 25, the concave portion 419 is disposed just on the
concave portion 449. Also, although not shown, in the present
embodiment, the front surface layer 410 has a structure where
alayer formed of Niand alayer formed of Au are stacked. The
layer formed of Niis disposed between the layer formed of Au
and the base member 300.

The concave portion 419 is filled with the filling part 800.
The filling part 800 contacts the front surface layer 410 and
the adhesive part 510. The filling part 800 may be formed of
a conductive material or an insulating material. In the present
embodiment, the filling part 800 is formed of a conductive
material. As the conductive material forming the filling part
800, for example, an alloy of Au and Sn may be used. The
filling part 800 is formed before disposing the LED chip 500
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at the front surface layer 410 with the adhesive part 51. The
filling part 800, for example, is formed by coating the concave
portion 419 with a paste.

In the present embodiment, the adhesive part 510 is dis-
posed between any one of the LED chips 500 and the front
surface layer 410. The adhesive part 510 affixes each LED
chip 500 to the front surface layer 410. The adhesive part 510
may be formed of a conductive material or an insulating
material. In the present embodiment, the adhesive part 510 is
formed of a conductive material. As the conductive material
forming the adhesive part 510, for example, an alloy of Au
and Sn may be used. Alternatively, the conductive material
forming the adhesive part 510 may be a silver paste or sol-
dering.

According to the semiconductor light emitting device 105,
by forming the filling part 800 at the concave portion 419
before disposing the LED chip 500 at the base member 300,
a surface of a portion for disposing the LED chip 500 can be
better planarized. Therefore, even though the LED chip 500 is
disposed at a position overlapped with the full thickness
anode through wiring 441 when seen in the thickness direc-
tion of the base member 300, the LED chip 500 is not sunken
into the concave portion 419, and thus the position of the LED
chip 500 can be prevented from being changed when dispos-
ing the LED chip 500. Accordingly, the manufacturing yield
of the semiconductor light emitting device 105 can be
enhanced.

Moreover, in FIG. 25, an example is illustrated where the
concave portion 449 is formed at the anode through wiring
440, and the concave portion 419 is formed at the anode pad
411 of'the front surface layer 410. Unlike the configuration in
FIG. 25,in FIG. 26, a case is also considered where a concave
portion 459 is formed at the cathode through wiring 450, and
the concave portion 419 is formed at a position overlapped
with the concave portion 459 when seen in the thickness
direction of the base member 300. In this case, the filling part
800 may be formed at the concave portion 419, and the LED
chip 500 may be disposed at a position overlapped with the
cathode through wiring 450 when seen in the thickness direc-
tion of the base member 300.

Moreover, the configuration of the semiconductor light
emitting device 105 may be applied to the semiconductor
light emitting device 102 or 103.

The semiconductor light emitting device according to the
present disclosure is not limited to the above-described
embodiments. The entire configuration of each part of the
semiconductor light emitting device according to the present
disclosure may be variously designed and changed.

The number of LED chips is not limited to five, but may be
any arbitrary number.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the novel methods and apparatuses described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the disclosures. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosures.

What is claimed is:

1. A semiconductor light emitting device, comprising:

an LED chip;

a case on which the LED chip is mounted,

wherein the LED chip comprises an n-type semiconduc-
tor layer, a p-type semiconductor layer, an anode elec-
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trode electrically connected to the p-type semicon-
ductor layer, and an cathode electrode electrically
connected to the n-type semiconductor layer, and the
anode electrode and the cathode electrode facing the
case when the LED chip is mounted on the case, and

wherein the case comprises a base member including a
front surface and a rear surface, a front surface layer
including an anode pad and a cathode pad which are
formed at the front surface; a rear surface layer includ-
ing an anode mounting electrode and a cathode
mounting electrode which are formed at the rear sur-
face, and a reflective resin inclined to be receded from
the front surface; and

abypass function element preventing a reverse overvoltage

from being applied to the LED chip, and the reflective
resin covers at least a portion of the bypass function
element.

2. The semiconductor light emitting device of claim 1,
wherein the reflective resin has a reflectivity higher than that
of the base member.

3. The semiconductor light emitting device of claim 1,
wherein the base member is formed of ceramic.

4. The semiconductor light emitting device of claim 1,
wherein,

the case is electrically connected to the LED chip, and

comprises a lead, at least a portion of the lead being
covered by the base member, and

the base member comprises thermosetting resin or thermo-

plastic resin.

5. The semiconductor light emitting device of claim 1,
wherein the reflective resin covers a wire connected to the
bypass function element.

6. The semiconductor light emitting device of claim 1,
wherein the base member is recessed from the front surface
toward the rear surface, and comprises a stopping concave
portion separated from the LED chip and configured to
receive the bypass function element.

7. The semiconductor light emitting device of claim 6,
wherein the internal edge is matched with an end edge of the
stopping concave portion.

8. The semiconductor light emitting device of claim 6,
wherein the stopping concave portion receives a pad which is
bonded to the wire connected to the bypass function element.

9. The semiconductor light emitting device of claim 6,
wherein the stopping concave portion comprises a surround-
ing portion surrounding the LED chip.

10. The semiconductor light emitting device of claim 9,
comprising a plurality of the LED chips,
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wherein the reflective resin comprises a protruding portion
disposed between the LED chips adjacent to each other
in the surrounding portion.

11. The semiconductor light emitting device of claim 10,
further comprising another LED chip disposed at a center of
the case.

12. The semiconductor light emitting device of claim 1,
wherein the LED chip has a flip chip type structure in which
an anode electrode and a cathode electrode of the LED chip
face the front surface.

13. The semiconductor light emitting device of claim 1,
wherein the LED chip has a 2-wire type structure in which the
anode electrode and the cathode electrode ofthe LED chip are
connected to a wire.

14. The semiconductor light emitting device of claim 1,
wherein an internal edge of the reflective resin, which is
disposed at the LED chip side, is separated from the LED
chip.

15. The semiconductor light emitting device of claim 1,
wherein the LED chip further comprises an active layer dis-
posed between the n-type semiconductor layer and the p-type
semiconductor layer, and a sub mount substrate supporting
the layers, the n-type semiconductor layer, the active layer,
the p-type semiconductor layer being stacked on the sub
mount substrate.

16. The semiconductor light emitting device of claim 15,
wherein the reflective resin covers an entire portion of the
front surface surrounded by an inner wall surface surrounding
the LED chip other than a portion connected to the sub mount
substrate.

17. The semiconductor light emitting device of claim 1,
comprising a sealing resin covering the LED chip and the
reflective resin, and formed of a material which is obtained by
mixing a phosphor material with transparent resin which
transmits light from the LED chip, the phosphor material
being excited by light from the LED chip to emit light of a
wavelength different from the light from the LED chip.

18. The semiconductor light emitting device of claim 1,
wherein,

the case further comprises an anode through wiring and a

cathode through wiring,

the anode through wiring electrically connects the anode

pad and the anode mounting electrode, and passes
through at least a portion of the base member in a thick-
ness direction of the base member, and

the cathode through wiring electrically connects the cath-

ode pad and the cathode mounting electrode, and passes
through at least a portion of the base member in the
thickness direction of the base member.
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